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The  results  obtained  from  a  series  of  determinations  of calclum~ 
inorganic  phosphorus,  cholesterol,  and  lipoid  phosphorus  on  normal 
animals  from  recently  acquired  stock  were  reported  in  a  previous 
paper (1).  These results were based on single determinations made on 
animals  within  a  few days after they were received from  the dealer. 
A similar series of repeated blood analyses was made on a group of 10 
animals living in the laboratory for the purpose of determining whether 
the calcium, inorganic phosphorus, cholesterol, and lipoid phosphorus 
differed in any way from that of animals living out in the open.  The 
results obtained for animals living in the laboratory will be reported 
in  the present  paper  and  compared with  those reported for animals 
living  out-of-doors. 
Materials and Method. 
The data presented in this paper are derived from experiments,  the 
procedures of which were described in detail in a preceding paper  (1).* 
In the experiment 10 male rabbits between 6 and 8 months  of age were used. 
This group was composed of 4 greys, 4 Flemish, and 2 mixed grey-brown animals. 
From the beginning of the experiment on October 27, 1927, until May 17, 1928, 
these animals were kept in  the open laboratory,  caged separately,  and fed the 
routine diet of hay, oats, and cabbage. 
* In the determination of lipoid phosphorus as published originally (I-lames, 
A. R., J. Biol. Clam., 1928, Ixxvii, 405), the HzSO4 used in making all  reagents 
should have been arsenic-free. 
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The determinations  of calcium and inorganic phosphorus  on blood serum and 
cholesterol and lipoid phosphorus  on whole blood were made on the same sample 
of blood.  Determinations were made at weekly or biweekly intervals resulting in 
17 examinations for the entire period of the experiment. 
In all text-figures and tables the lipoid phosphorus  is calculated and presented 
as lecithin. 
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RESULTS. 
The results of this experiment are reported in the form of tabulated 
summaries, Tables I  to III, and supplemented by a  series of graphs, 
Text-figs. 1 to 5.  The curves in Text-figs. 2 to 5 inclusive represent 
A+2B+C 
values that have been smoothed by the formula  4 
The per cent variation from the mean or average value for each of 
the 4  constituents tabulated  in  Table  I  is  presented graphically in 
Text-fig.  1.  The  values  for calcium  and  inorganic phosphorus  are ALVIN  R.  IL~l~.NES  289 
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given in rag. per 100 cc. of blood serum, while the results for cholesterol 
and lecithin are given in rag. per 100 cc. of whole blood.  In Text-figs. 
2 to 5 inclusive a comparison is made between Group I which shows the 
results presented in a previous paper (1) and is more or less representa- 
tive of animals living out in the open, and Group II results obtained 
from animals living in the laboratory. 
DlSClISSlON Am) COI~CLUSlON. 
Variation. 
Calcium.--It will be noted that the trend of the curves for calcium 
(Text-fig. 2) is essentially the same in both groups of animals.  The 
animals living in the laboratory maintained a higher level of calcium 
than those just received from the dealer.  Both curves show a drop ill 
calcium during December and January and an increase during Febru- 
ary  and  March.  With  the  animals  in  Group  I  there  is  a  gradual 
decrease in calcium throughout the early spring and summer months, 
while with Group II there is a slight suggestion of an increase at the 
time  of  the last  observation.  The  highest values were obtained in 
December and February and the lowest during December and April. 
The results obtained for calcium show the least degree of variation 
of the substances studied, either in rag. per 100 cc. or in per cent varia- 
tion  from  the  mean.  From  the  beginning  of  the  experiment  on 
Oct. 27,  1927, until Dec. 8, the values obtained for calcium increased 
from 15.3 4-0.28 to 16.2 4-0.17 rag. per 100 cc. of serum.  On Dec. 15 
the amount of calcium was found to  be  14.9  ±0.I4,  this  being the 
smallest amount of calcium found throughout the experiment.  From 
Dec. 29  to May 17,  1928, the amount of calcium varied less than 1 
rag. per  100  cc. of serum from its mean value of 15.7 4-0.05.  The 
greatest  degree  of variation  and  also  the  most  abrupt  changes  in 
calcium content of serum occurred during  the  first 6  weeks of the 
experiment. 
Inorganic  Phosphorus.--In  considering  the  trend  of  inorganic 
phosphorus, Text-fig. 3, as compared with animals living in the open, a 
striking  difference is  noted.  In  Group  II  there  was  first  a  slight 
increase followed at once by a decrease in inorganic phosphorus which 
continued over a period of 4 months, from October to February, with 
the exception of a slight increase in November and December.  During ALVrN ~.  mu~n~s  295 
the last half of February there was an increase in phosphorus from its 
minimum level with more or less stabilization which continued through 
the months of March, April,  and  May.  Group  I  throughout  this 
same period of time maintained a very much higher level of inorganic 
phosphorus and at no time during the entire year did it reach a level 
as low as that of Group II.  The highest values for inorganic phos- 
phorus occurred during November, the lowest in January. 
In nag. of the dement and per cent variation from its mean, phos- 
phorus proved to be one of the most variable constituents.  Beginning 
on Oct. 27, 1927, with a value of 5.34 q-0.10, the phosphorus after 2 
weeks time was found to be 6.29 ±0.16 nag. per 100  cc. of serum. 
The  following  2  weeks  the  phosphorus  decreased rather  abruptly 
and on Dec. 1 was found to be 4.29  -4-0.07 rag.  On Dec. 15 another 
increase in phosphorus was noted although not nearly as great as the 
value obtained following the first 2 weeks of the experiment.  It was 
not until Dec. 29 that the phosphorus reached any degree of stability. 
On this  date the amount in  the blood serum was found to  be 3.86 
~0.06 rag. per 100 cc.  It may also be noted that in Text-fig.  1 the 
greatest per cent variation of phosphorus occurred during this first 2 
months period.  Except for the value of 4.60  ±0.08 obtained on Feb. 
28, the changes in the phosphorus content of blood serum were very 
small.  The mean value for phosphorus throughout the experiment 
was calculated to be 4.65 ±0.05 rag. per 100 cc. of blood serum. 
The results for inorganic phosphorus agree in all essential respects 
with those obtained by Brown (2, 3) for animals living under the same 
conditions.  The general averages for calcium are also in agreement 
as is shown by the following comparison of results: 
Combined results  Author's results 
of Brown 
rag. per 100 ¢t  rag, per I00 c¢. 
Calcium ........................................  15,6  4-0.03  15,7  4-0.05 
Inorganic phosphorus  .............................  4.51  4-0.02  4.65  4-0.05 
There was, however, a difference in the trend of the curves for cal- 
cium.  In these experiments higher values were obtained during the 
1st month or 6 weeks, and the reduction in calcium which followed 
persisted with some variation until the end of January.  In both cases, 
however, a  high level was obtained  either in January or February. 296  BIOMETRY  OF  CALC!UM~  ETC.,  IN  BLOOD.  3[I 
A  comparison of the mean values obtained in this experiment was 
made with  the  combined mean  values  of last  year  because,  while 
Group I of last year represents in time more nearly this year's e.xperi- 
ment, it was made up of animals of distinctly different breeds and it 
seemed desirable to eliminate any difference which might be attribut- 
able to this factor.  It was for this reason that the combined mean 
value of all animals of last year was used. 
Cholesterol.--A  comparison  of  the  trend  of  cholesterol  between 
Groups I and II is shown in Text-fig. 4.  The outstanding features of 
these curves are two: first, animals living in the laboratory show the 
same progressive increase  in  cholesterol during the  winter  months 
with a  decrease occurring during the early spring; and second,  the 
general level of cholesterol for animals living in the laboratory is very 
much lower than was found to  exist in  animals living in the open. 
Since both calcium and cholesterol maintained similar trends in the 2 
groups of animals,  these  facts  give  added significance to  the  high 
coefficient of correlation obtained between these 2 blood constituents 
for animals living out in the open.  The  periods  of  lowest values of 
cholesterol occurred during November and April while the high values 
occurred during January and February. 
The stability of cholesterol was very marked throughout the entire 
experiment.  Beginning on Oct.  27  with a  value of 43.5  4-1.48  the 
cholesterol increased to 62.6  4-1.27 rag. per 100 cc. of whole blood on 
Nov. 3.  During the next 2 weeks there was a  gradual drop, and on 
Nov.  17  the  value  obtained  was  48.3  4-1.63  mg.  The  following 
examination made on Dec.  1  showed an  increase in cholesterol, the 
amount  being  59.7  4-1.18  rag.  per  100  cc.  of  whole  blood.  The 
remaining values obtained for cholesterol show only gradual changes 
from the mean which over the period of 8 months was found to be 
58.3  -4-0.39 rag. per 100 cc.  of whole blood. 
Lecithin.--The  trend of the curves  for lecithin in  animals living 
indoors is in a direction which is practically the opposite of that found 
for animals living out-of-doors (Text-fig. 5).  With animals living in 
the laboratory the lecithin decreased in amounts from the very begin- 
ning of the experiment.  While Group II maintained a  higher level 
than  Group  I  for  the  first  2  months of  the  experiment,  Group  I 
throughout January  and  until  May  showed an increase in lecithin, ALV~'~ ~.  V~Am~-ES  297 
while Group II steadily decreased.  In comparing the trends of in- 
organic phosphorus and lecithin in these 2 groups, it will be noted that 
animals living in the laboratory show a marked decrease in both of these 
blood constituents when compared with animals living out in the open. 
The  highest  values  for lecithin were found during November,  the 
lowest values occurred during February and April. 
Lecithin began on Oct.  27 with a value of 82.9 4-2.68 mg. per 100 
cc. of whole blood.  The next determination gave a  result of 164.1 
4-3.27 mg., this being the highest value for lecithin throughout the 
entire experiment.  From  this  high value  the  lecithin decreased to 
112.6 4-1.31 rag. on Nov. 10.  It was not until the next determination 
on Nov. 17 of 129.4 4-3.26 mg. that lecithin reached a certain degree of 
stability.  When  compared with  the  other  3  constituents, lecithin 
showed the highest per cent variation and the least degree of stability 
throughout the entire experiment. 
The variation of each constituent in terms of per cent from their 
respective mean values is given in Text-fig.  1.  It  will be noted that 
with animals living in  the laboratory the greatest variation occurred 
within the first 6 weeks of the experiment.  During this time the per 
cent  variation  for  calcium was  from  -1.9  to  +3.9,  for inorganic 
phosphorus  from  +35.2  to  -17.0,  for  cholesterol  from  -25.2  to 
+7.5, and for lecithin from -29.9 to -[-38.6.  The occurrence of such 
wide variations  during  this period, when compared with the extent 
of subsequent  variations,  indicates  that  the  results  for  the  first  6 
weeks are more or less  affected by adjustment of the animals to a 
change of environmental conditions or mode of life. 
The following table summarizes the mean values for the 2 groups of 
animals over the same period of time, from Oct. 27, 1927, to May 17, 
1928.  Group I  represents the mean value of animals just received 
from the dealers and Group II the mean value of animals living under 
laboratory environment. 
Group  Inorganic  phosphorus  Calcium  Cholesterol  Lecithin 
rag. per 100 cc.  rag. per 100 cx.  mg. )er 100 cc.  rag. per 100 cc. 
I  5.8  -+-0.08  15.5  ±0.14  66.8  ±0.84  124.5  ±2.47 
II  4.6  ±0.05  15.7  ±0.05  58.2  ±0.39  118.4  ±1.13 298  BIO~TR¥  OF  CALCIUm,  ETC.~  IN  BLOOD.  II 
It  will  be  noted that  the mean  value  for  inorganic  phosphorus, 
cholesterol, and lecithin is lower for animals living in the laboratory 
than was found to exist in animals just received from the dealer. 
The results have been analyzed from the point of view of the dis- 
tribution of values, but as it was found that in this respect the 2 groups 
of animals were almost identical, discussion of these results is omitted. 
Correlation. 
The  coefficient of  correlation  for  the  6  possible  combinations  of 
inorganic  phosphorus,  calcium,  cholesterol,  and  lecithin  on  the  10 
animals at each of the 17 determinations is given in Table II.  Table 
III,  Section (a),  gives the coefficient of correlation for the total  170 
individual determinations; Section (b) gives the coefficient of correla- 
tion on group mean values and, therefore, represents the correlation 
of  the  trend  of  the  curves presented in  Text-figs.  2  to  5  inclusive; 
Section (c) gives the coefficient of correlation of mean values obtained 
for each animal throughout the experiment.  The same formula for 
calculating  the  coefficient of correlation was  used as presented in  a 
previous paper  (1). 
The  coefficient obtained  by  using  the  mean value  for  individual 
animals gives the highest degree of  correlation  and more nearly  re- 
sembles the  correlation  of  trend for animals  living out-of-doors.  In 
calculating the mean value of calcium, inorganic phosphorus, choles- 
terol, and lecithin for the individual animals, it was noted that different 
animals  tend  to  maintain  or  operate  on  different  levels.  Certain 
animals maintain throughout the year a  high value for calcium, while 
in others this value is comparatively low.  It was also noted that in 
calculating the coefficient of correlation between these 4  constituents 
on group means, 1 constituent would lag or anticipate the correspond- 
ing change in the other, thus the resulting coefficient would be com- 
paratively  small.  This  fact  is  brought  out  in  Tables  II and III, 
Sections  (a)  and  (b).  If,  however,  the  average  for  each  animal is 
obtained  and  a  correlation  coefficient  calculated  from  these mean 
values, the factor of lag in one or the other constituent is eliminated 
and the resulting coefficient represents the relationship existing in the 
animal over the period of the 17 determinations. 
In Table II only 1 series of correlations,  P.Ca., offers any degree of ALvr~ R.  ~ARNES  299 
uniformity.  In  this  series  the  coefficient of  correlation is  negative 
except for the determinations made on Oct.  17,  1927, and April 19, 
1928.  It will be noted, however, that while the coefficients for each 
determination were negative, the P.E. in all instances except one is too 
large  for  the  coefficients  to  have  any  degree  of  mathematical 
significance. 
The coefficients of correlation presented in Table III, Sections (a) 
and (b), while too small for mathematical consideration, do serve to 
show that there is a  marked difference in these 4 blood constituents 
between animals living out in the open and those living in the labora- 
tory.  With the animals just received from the dealer, there is a well 
defined and related trend of calcium, inorganic phosphorus, cholesterol, 
and lecithin, while with the animals living in the laboratory there is 
first a wide and abrupt variation covering a period of about 6 weeks 
and then a  period of regularity.  The coefficients of correlation for 
individual group determinations, the trend of the various curves, or 
the entire 170 single analyses show no factor of correlation of mathe- 
matical significance. 
The results of this experiment show that when a~imals are brought 
into the laboratory from out-of-doors, they pass through a period of 
adjustment  or  accommodation.  In  this  experiment  the  period  of 
adjustment  covered about  6  weeks.  In addition  to  the  period  of 
adjustment there is a marked difference in both absolute values and 
trend for calcium and inorganic phosphorus in the blood serum and 
cholesterol and lecithin of whole blood when compared to the values 
found in animals just received from the dealer.  It was found that 
while the trend of calcium for animals living in: the laboratory was the 
same as that found in animals living in the open, the general level over 
the same period of time was higher for the animals living in the labora- 
tory.  The inorga~c phosphorus showed a  marked decrease in  the 
animals living in  the laboratory,  whi~e with animals out-of-doors a 
higher level with increasing values was obtained.  The trend of the 
curves for cholesterol of whole blood was the same for both groups of 
animals; however,  the animals living in  the laboratory malfltained 
throughout the experiment a decidedly lower level than was found to 
exist in the blood of animals living out-of-doors.  The lecithin which 
gave a higher value at the beginning of the experiment than was found 300  BIOMETRY  OF  CALCIUM,  ETC.,  IN  BLOOD.  II 
in  animals living out-of-doors continued to  decrease throughout the 
entire  time  of  the  experiment,  as  did  the  inorganic  phosphorus. 
Hence, the differences found for calcium and cholesterol, on the one 
hand, were largely quantitative, while those for inorganic and lipoid 
phosphorus  (lecithin),  on  the  other,  were  both  quantitative  and 
qualitative.  Moreover,  while,  among  animals  living  out-of-doors, 
there was evidence of a high order of correlation, among those living 
indoors, there was little or no correlation between the changes that 
occurred in the amounts of the several substances studied. 
The highest degree of correlation was found to exist between calcium 
and inorganic phosphorus,  Table  III,  Section  (c),  giving a  value of 
-0.864 4-0.047 for mean values of individual animals. 
Finally, the results obtained warrant the conclusion that the differ- 
ence in environment of the 2 groups of animals was sufficient to pro- 
duce a definite effect on the chemical composition of the blood and on 
the mechanism coordinating the variations of the substances studied. 
SITMM~RY. 
A series  of determinations of inorganic phosphorus, calcium, choles- 
terol, and lecithin  were made on a group of 10 animals living  in the 
laboratory from Oct. 27, 1927,  to May  17, 1928.  A marked difference 
in both the trend and absolute values was noted in animals living  in 
the laboratory when compared with the values obtained for animals 
living out-of-doors.  With animals living in the  open, the trend of 
variation for calcium was found to bc the same.  However,  animals 
living  in the laboratory maintained a higher Icvel  over the same period 
of time.  The  inorganic phosphorus  and  lecithin both  showed  a 
marked decreasc and both maintaincd a lower level  than was found in 
animals just rcceived from the  dealer. The cholestcrol content  of 
whole blood exhibited a similar trend in both groups of animals. 
Howcvcr, it  was found that animals living  in  the laboratory maintained 
a lower level  than animals living  out-of-doors. 
The mean value for calcium was found to bc 15.7 4-0.05,  for inor- 
ganic phosphorus 4.65 4-0.05 mg. per 100 cc. of blood scrum, and for 
cholesterol 58.2 4-0.39 and lecithin 118.4 ±1.13 mg. per 100 cc. of 
whole blood. ALVII~ R.  HAR~ES  301 
The coefficients of  correlation  having the highest degree of mathe- 
matical significance were obtained from the mean  values for individual 
animals. 
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